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Abstract : The energy loss of Li, C and O ions in polypropylene absorber foils has been measured using 15
UD Pelletron Accelerator facility at Inter University Accelerator Centre (IUAC), New Delhi, India. The actual
experiment has been performed in low flux chamber attached to the General Purpose Scattering Chamber
(GPSC). These experimental energy loss values have been compared with the computed values based on
various empirical/semi-empirical formulations. Some interesting trends have been observed.
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1.  Introduction
Most of the polymers are used as Solid State Nuclear Track Detectors (SSNTDs). These
track etch detectors are widely utilized in various scientific and technological applications
like identification of nuclear charged particles, fabrication of microfilters, radiation dosimetry,
radon measurements etc. [1-3]. Such applications are easily possible due to simple,
efficient and economic track etch technique, which doesn't require any sophisticated
instruments. For the exact calibration of these detectors, the accurate data of energy
loss rate of MeV ions in these detectors is required. Due to paucity of such data, we
interpret the experimental results with the computed energy loss rate values, based on
the available formulations [4-11], and tabulated values [12]. These formulations and tabulated
values are generally empirical/semi-empirical in nature. On the other end, the experimental
energy loss data is not possible for all the ion-polymer combinations at various energies.
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Therefore, there is a need to generate at least some experimental data for heavy ions in
polymers to check the reliability of existing energy loss formulations. In the present study,
we have measured the energy loss rate of Li, C and O ions in polypropylene absorber
foils in the energy range ~ 0.5 – 4.00 MeV/n. Further, these experimental energy loss
rate values have been compared with the corresponding computed values based on the
various widely used formulations.
2. Experimental details
The energy loss measurements in polypropylene absorber foils have been performed in
low flux chamber attached to General Purpose Scattering Chamber (GPSC), utilizing 15
UD Pelletron at Inter University Accelerator Centre (IUAC), New Delhi, India. The low flux
chamber is attached at an angle 15o with respect to the incident beam direction, from the
accelerator. In order to obtain the low flux, the primary ion beams of Li (23, 30, 40 MeV),
C (40, 60, 80 MeV) and O (53, 80, 100 MeV) from the accelerator were allowed to be
scattered by a thin Au (400 nm) foil, which is fixed at the centre of the GPSC. The
energy loss measurements have been performed in the following steps. In the first step,
the thickness of the polypropylene foils has been measured adopting α-energy loss method.
The non-uniformity in the foil thickness has been checked by measuring the thicknesses
at different spots, within the region of interest. These foils in the form of a staircase type
stack have been mounted on the collimator leaving a small portion blank. Finally the
collimator was fixed in front of Si detector, which was installed in the low flux chamber.
In second step, the scattered ions beam, after crossing the various thicknesses of the
absorber foils mounted on the collimator were allowed to enter the Si detector and the
related spectra were recorded in the online computer through Analogue to Digital Converter
(ADC). In this way, we could record several peaks : one without absorber foil and others
after crossing the varying thicknesses of absorber foils. These peaks were analyzed using
a software package CANDLE, developed at IUAC.
From the shift of the centroid of the absorbed peaks with respect to the unabsorbed
peak, the residual energy of the scattered ions has been measured. From the least
square fit plots of the residual energy as a function of thickness of the absorber foil, the
dE/dx has been measured at specific energies, ensuring 10% of energy loss within the
foil. Adopting this procedure, we have measured the dE/dx values in polypropylene absorber
foils for Li, C and O ions in the energy range ~ 0.50 – 4.00 MeV/n.
3. Results and discussion
The measured energy loss rate (dE/dx) values for Li (2.00–2.75 MeV/n), C (1.25 – 4.00
MeV/n) and O (0.50 – 4.00 MeV/n) ions in polypropylene (C3H6) absorber foils have been
presented in Table 1.
The incident energies for each ion, from the accelerator, were selected in such a way
so as to obtain some overlapping energy region to authenticate our measurements. The
present measurements are highly precise with a standard error of less than 4%.
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Table 1. Experimental and computed energy loss rate (dE/dx) values for Li, C and O ions in polypropylene
(C3H6) absorber foils in the energy range ~ 0.5 – 4.0 MeV/n. Percentage differences with respect to the
measured values are given in parentheses.
Energy Experimental Energy Calculated energy Loss Rate (MeV mg–1 cm2)
(MeV/n) Loss Rate (dE/dx)
(MeV mg–1 cm2) Northcliffe SRIM MSTAR Hubert et al Diwan et al
and Schilling 2006.01 V 3.12
Ion–Li
2.00 1.61 1.65(3) 1.62(1) 1.57(–2) – 1.59(–1)
2.25 1.48 1.51(2) 1.51(2) 1.44(–3) – 1.46(–1)
2.50 1.37 1.37(0) 1.40(2) 1.33(–3) – 1.35(–2)
2.75 1.28 1.28(0) 1.34(5) 1.23(–4) 1.22(–6) –
Ion–C
1.25 7.47 7.89(6) 7.82(5) 6.71(–10) – 7.07(–5)
1.50 6.84 7.13(4) 7.09(4) 6.20(–9) – 6.53(–5)
1.75 6.30 6.49(3) 6.48(3) 5.77(–8) – 6.05(–4)
2.00 5.85 5.94(2) 5.99(2) 5.39(–8) – 5.63(–4)
2.25 5.45 5.52(1) 5.63(3) 5.06(–7) – 5.27(–3)
2.50 5.11 5.10(0) 5.27(3) 4.77(–7) – 4.94(–3)
2.75 4.80 4.82(0) 4.82(0) 4.51(–6) 4.53(–6) –
3.00 4.53 4.53(0) 4.63(2) 4.28(–6) 4.28(–6) –
3.25 4.29 4.26(1) 4.37(2) 4.07(–5) 4.06(–5) –
3.50 4.08 4.05(–1) 4.14(2) 3.88(–5) 3.86(–5) –
3.75 3.88 3.85(–1) 3.93(1) 3.71(–4) 3.68(–5) –
4.00 3.70 3.65(–1) 3.75(1) 3.55(–4) 3.51(–5) –
Ion–O
0.50 14.21 16.85(19) 14.98(5) 13.38(–6) – 14.37(1)
0.75 13.04 15.64(20) 14.02(8) 12.04(–8) – 13.57(4)
1.00 12.05 13.93(16) 12.84(7) 11.04(–8) – 11.56(–4)
1.25 11.20 12.50(12) 11.76(5) 10.24(–9) – 10.92(–3)
1.50 10.46 11.36(9) 10.81(3) 9.57(–9) – 10.26(–2)
1.75 9.81 10.41(6) 9.98(2) 8.99(–8) – 9.65(–2)
2.00 9.24 9.57(4) 9.31(1) 8.48(–8) – 9.08(–2)
2.25 8.73 8.95(3) 8.86(2) 8.03(–8) – 8.58(–2)
2.50 8.27 8.32(1) 8.34(1) 7.63(–8) – 8.10(–2)
2.75 7.86 7.90(1) 7.89(0) 7.27(–8) 7.60(-3) –
3.00 7.49 7.45(–1) 7.47(0) 6.94(–7) 7.21(–4) –
3.25 7.15 7.05(–1) 7.10(–1) 6.64(–7) 6.86(–4) –
3.50 6.84 6.73(–2) 6.76(–1) 6.37(–7) 6.54(–4) –
3.75 6.56 6.42(–2) 6.46(–2) 6.12(–7) 6.25(–5) –
4.00 6.30 6.11(–3) 6.19(–2) 5.89(–7) 5.99(–5) –
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The experimental dE/dx values, measured in the present study, have been compared
with the corresponding computed values from the Northcliffe and Schilling tabulation [12]
and adopting various widely used formulations viz. Ziegler et al (SRIM-2006.01 code) [4-
6], Paul et al (MSTAR V-3.12) [7-8], Hubert et al [9-10] and its extended version (Diwan
et al [11]) (Table 1). These dE/dx calculations were first performed in the constituents of
the polypropylene and then Bragg's additivity rule was applied. In the parenthesis, percentage
deviation of calculated dE/dx values from the corresponding experimental values has been
quoted.
Northcliffe and Schilling values show deviations from the experimental values up to 6%
for Li, C and O ions, in the energy range considered in the present study, except for O
ion in the energy region ~ 0.50 – 1.50 MeV/n, where it overestimates up to 20%. The
computed values from Ziegler et al formulation (SRIM – 2006.01 code) generally shows
good agreement (within 8%) with the experimental results. The values, based on Paul et
al (MSTAR V 3.12) approach, underestimates up to 10% the experimental data. Hubert et
al formulation, with its reported validity at energies above 2.5 MeV/n, underestimates the
experimental results up to 6%. Its extended version (Diwan et al [11]) provides close
agreement at the lower energies below 2.5 MeV/n.
4. Conclusions
The experimental energy loss rate (dE/dx) values for Li, C and O ions in polypropylene
absorber foils have been measured with high precision, in the energy range ~ 0.50 – 4.00
MeV/n. Hubert et al formulation with its validity above 2.5 MeV/n and its extended version
(Diwan et al. 2001) at energies below 2.5 MeV/n provide excellent agreement with the
experimental data. Therefore, the interpretation of SSNTD based data, where dE/dx values
are required, the Hubert et al and its extended version can be well adopted for the ions
covering Z = 3–8 in polymers.
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